Introduction
The African continent has been largely divided into stable cratonic blocks and mobile belts during its tectonic history. This differentiation dates back to the end of the Archean period, but the mobile belts have a long and complex history of movement stretching to the end of the Pan-African orogeny, •600 Ma. Subsequent rifting of the African continent between the late Permian and the early Tertiary led to the formation of a number of Karoo basins within the mobile belt terranes. DC resistivity soundings [e.g. van Zijl, 1977] frequency MT methods by Whaler and Zengeni [1993] , who produced a preliminary resistivity model for the basin, but depth resolution was limited; however, they did establish that there is a good subsurface conductor. In this paper, the results of a follow-up survey in 1995 where longer period MT data were collected are included. The data from both surveys are robustly processed, the dimensionality of the structure they contain is examined, and a new two-dimensional resistivity model of the Mana Pools basin is presented. The results are compared with other geological and geophysical information, especially a reflection seismic survey [Hiller and Buttkus, 1996 ].
Geological and Geophysical Studies in the Zambezi Valley
The Pan-African orogeny occurred between 1100 and 600 Ma and was the last major tectonic event of the Precambrian to affect central and southern Africa [Barber, 1994] . It created a large number of mobile belts in central Africa (Figure 1 ), whose margins, following the final phase of convergence, are commonly defined by ductile shear zones [Barber, 1994] . The early stages of the orogeny, from 1100 to 667 Ma, involved 285 ø orientated pull-apart forces and completed the structural [Daly, 1986] . This shear zone bounds the Zambezi belt to the west, while to the east the belt continues until it merges with the northsouth trending Mozambique belt. The second major control on tectonics in the Zambezi valley is the Mzarabani shear zone which trends east-west across the area. Daly [1986] and Coward and Daly [1984] proposed that the southern margin of the Zambezi belt is a major thrust zone, which either coincides with the Zambezi escarpment or lies to the north of it beneath the 
Distortion of the Impedance Tensor
The structure of the impedance tensor is characteristic of the dimension of subsurface structure it describes. shows the results of a Bahr classification [Bahr, 1991] of the Mana Pools data set; the numbers plotted are the Bahr class to which each impedance tensor at each frequency belongs. The majority of the data fit a twodimensional model distorted by small heterogeneities with only a galvanic response (classes 3 to 5) [Bahr, 1991] , the class value reflecting the degree of distortion. The data at periods expected to be sampling the sedimentary basin are generally only weakly distorted, while those to the south and at longer periods show stronger galvanic distortion. There are very few significant periods of class 7 data, which indicate threedimensional structure. They are in regions where the signal-to-noise ratio is low and the data are believed to be of poor quality, so the high class number may be reflecting this rather than genuinely three-dimensional structure. With data from a single profile we are unable to investigate the extent to which the structure is three-dimensional. Before modeling, the AMT and LMT data sets have to be amalgamated. This is problematic owing to a gap of just over a decade between the periods of the data from the two surveys. It is therefore ditficult to assess whether there is a systematic mismatch in the appar- For all sites except 11 a good fit to the H polarization data with no systematic offset between the AMT and LMT data was achieved by simply rejecting points of low coherency between -•1 and 400 s, the longest periods in the AMT data and the shortest periods in the LMT data. It was observed that all the rejected points have downward biased apparent resistivity values compared to those predicted. We concluded that there is little or no mismatch between the two data sets and that they can be combined without adjustment. The exception is site 11, where no p+ model provides an acceptable fit to the data, the apparent resistivity curves at this site indicating the presence of a static shift which is addressed in section 4. A particular consideration in inverting this data set is the effect on the model of the difference in the period range at different sites, only five of which have LMT data, and of the differences in recording equipment used in the two surveys. One of the advantages of RRI is the ability to vary the X = misfit goal between sites. The facility is used here to try to balance the inversion of sites with data for the entire frequency band and those with only AMT data. Each site is fit to the higher X = misfit value achieved during separate inversions of the E and H polarization data. In this way, the fit to the two modes is even, and the model does not fit any site more tightly than is justified.
For a one-dimensional

Two-Dimensional Modeling Rapid relaxation inversion (RRI) [Smith and Booker
The data are inverted in a four-stage procedure similar to that laid out by Livelybrooks et al. [1993] ; for details, see Bailey [1998] . Prior to inversion, extreme outliers are rejected, and data of low (< 80%) coherency are downweighted. This affects a large proportion of the data in the period range ,-•1 to 100 s, comprising the data in the MT dead band and at the long-period extremity of the AMT data, and also the first half decade of the LMT data which appear from the p+ study to be downward biased. The resistivity structure obtained when both the E and H polarization modes were inverted simultaneously is shown in Figure 9 ; this has an rms misfit to the data of 1.71. The skin depth estimates plotted are calculated under the assumption of an overlying layer of homogeneous resistivity, equal to the apparent resistivity at that frequency. There are three main points to be noted from the model shown in Figure 9 and is therefore not required by the data. This is perhaps to be expected as there are significant deficiencies in the WZ model, as it was constructed from Berdichevsky average estimates of the impedance tensors calculated from nonrobustly processed data. There is reasonable agreement between the estimates of the depth to basement given by WZ and that shown by the model in Figure 9 . However, WZ find a contrast between the resistivity beneath site 11 and that in the basin at all depths, which is not seen in Figure 9 . While this may be due to a lack of depth penetration, particularly for the WZ model, it is also due to the contrast between [1975, 1976, 1982] and van Zijl and de Beer [1983] . Such a deep conductive structure cannot be justified for the Mana Pools basin on the basis of our MT data since it relies on the inclusion in the inversion process of poor quality data. We cannot, however, rule it out.
The near-surface resistivity at site 11 is much higher than in any other part of the model and may be an artifact of static shift within the data. To assess this, an inversion was performed without the apparent resistivity data from site 11, which converged to an rms misfit of 1.58. This improvement in fit over the model of Figure 9 is due mainly to a reduced misfit at site 10, but the model also fits all of the LMT data better, although the misfit to the LMT apparent resistivity data is still significant. Structurally, the new model is similar to that of Figure 9 . Figure 10 shows 
Discussion
A two-dimensional resistivity section has been derived for the combined AMT and LMT data sets using the RRI minimum structure routine [Smith and Booker, 1991] . Combining the AMT with the recently collected and more sparse LMT data set presents the challenge of finding a modeling approach which ensures a uniform treatment of the entire set, since some sites have data over a considerably larger frequency range than others. This problem has been overcome by the use of different misfit goals at different sites. In all cases, preliminary inversions of both the E and H polarization modes separately are used to determine these goals. The coherency information obtained from the data processing was used to downweight data with values below 80% in the inversion process. This affects a large amount of data, comprising the extreme low-frequency end of the AMT data, data within the dead band, and LMT periods up to 400 s. The appearance of both the apparent resistivity and phase curves within this period range, supported by the p+ work, suggests that they are downward biased to some degree.
The models obtained show three main features. First, there is a well-resolved, low-resistivity body, down to 2 Ftm in approximately the upper 5 km of the valley, terminating at between 5 and 10 km depth. Second, cratonic material is present close to the surface beneath site 11, giving much higher surface resistivities (of -100 Ftm) in the upper 2 km compared to values in the valley. Third, the resistivity of the model at depths below 10 km is remarkably consistent between the craton and the valley. Although this resistivity is low for basement rocks, at between 20 and 30 Ftm, it is significantly greater than that found at basement depths in other parts of the Damara and Zambezi valley mobile belts (e.g., I Ftm in the Lower Zambezi, Figure 5 ) and probably represents either chemical or tectonic alteration due to metamorphic processes and tectonic disruption during rift formation.
The small resistivity contrast across the escarpment fault separating the Zimbabwe craton in the southern section of the model from the valley means that charge buildup on the fault is small. As a result, its effect on the model response in the valley to the north is also small, and imposing a fault between the craton and the basin barely improves the fit to the LMT data. The degree of separation between the two LMT apparent resistivity curves within the basin increases as the sites are traversed from south to north. This is the reverse of the situation in the Lower Zambezi basin, where the separation in the curves increases from north to south as the resistive southern craton is approached (LKM).'The Mana Pools basin is bounded, within Zambia, to the
